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REPORT  SUMMARY 


Database  for  the  Second  Macrodispersion 
Experiment  (MADE-2) 

Results  from  an  investigation  of  the  transport  of  reactive  and  non¬ 
reactive  tracers  in  a  saturated,  heterogeneous  aquifer  make  up  the 
MADE-2  database.  Detailed  measurements  of  site  hydraulic  charac¬ 
teristics  as  well  as  spatial  distributions  of  tracer  concentrations 
throughout  the  duration  of  the  experiment  are  contained  in  this  data¬ 
base,  which  will  assist  utilities  in  establishing  dispersivity  for  use  with 
hydrogeochemical  models  and  in  understanding  the  attenuation  of 
reactive  organic  chemicals. 
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BACKGROUND  Dispersive  transport  is  a  physical  process  influencing  the  migra¬ 
tion  and  distribution  of  chemicals  entering  the  subsurface  environment.  Advective 
and  dispersive  transport  mechanisms  influence  the  movement  of  dissolved  chemi¬ 
cals  in  the  subsurface  and  consequently  play  a  major  role  in  determining  where 
and  when  chemical  and  biological  interactions  with  the  ambient  minerals  and 
aqueous  components  will  occur.  As  an  integral  part  of  the  Solid-Waste  Environ¬ 
mental  Studies  (SWES)  project,  two  field-scale  macrodispersion  experiments 
(MADE)  were  conducted  to  perform  a  complete  hydraulic  characterization  of  a  het¬ 
erogeneous  aquifer  and  to  execute  a  tracer  injection  and  plume  tracking  program. 
The  first  macrodispersion  experiment  (MADE-1)  was  focused  on  the  transport  of 
nonreactive  tracers  only  (EPRI  report  EN-7363).  In  MADE-2,  nonreactive,  reactive, 
and  degrading  chemicals  were  included  in  the  tracers  injected. 


OBJECTIVE  To  create  a  comprehensive  database  for  developing  methods  for 
quantifying  both  macrodispersion  in  the  saturated  subsurface  and  the  biological 
and  chemical  processes  affecting  the  transport  of  dissolved  organic  chemicals. 


APPROACH  Researchers  performed  field  studies  at  the  MADE  site  to  establish 
the  heterogeneous  hydraulic  character  of  the  aquifer  in  which  the  second  tracer 
experiment  was  conducted.  They  injected  a  solution  containing  five  tracers  into  the 
aquifer’s  saturated  zone  using  five  wells  screened  over  a  depth  of  0.6  m.  During  a 
48-hour  period,  they  introduced  9.7  m^  of  solution,  producing  a  finite-duration 
rectangular  source  that  resulted  in  the  formation  of  a  three-dimensional  plume. 

A  sampling  network  containing  328  multilevel  samplers  captured  the  three- 
dimensional  distribution  of  the  tracers  in  the  saturated  zone.  Synoptic  samplings 
of  the  plume  established  the  spread  of  chemicals  over  time.  Sampling  was  per¬ 
formed  more  frequently  along  two  rows  (fencelines)  of  the  network.  Piezometric 
head  measurements  were  made  during  the  experiment  to  facilitate  interpretation  of 
the  tracer  migration  pathways. 


RESULTS  The  measurements  of  hydraulic  data  and  tracer  concentration  made 
during  the  field  study  have  been  cataloged  to  form  the  MADE-2  database.  The 
data  are  organized  into  four  directories,  one  for  each  of  the  data  types— snapshot 
tracer  concentrations,  fenceline  tracer  concentrations,  piezometric  head,  and 
hydraulic  conductivity.  All  tracer  concentrations  and  piezometric  head  data  are 
cross-referenced  to  spatial  coordinates  and  the  elapsed  time  of  the  experiment. 
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ABSTRACT 


The  content  and  organization  of  the  database  for  the  second  macrodispersion  experiment 
(MADE-2)  are  described.  The  study  consisted  of  a  large-scale  nature-gradient  tracer 
experiment  conducted  over  a  period  of  approximately  15  months.  The  tracers  used  in  the 
experiment  included  tritium,  benzene,  labeled  p-xylene,  naphthalene,  and 
o-dichlorobenzene.  The  experimental  database  includes  five,  three-dimensional  snapshots  of 
the  aqueous  concentration  distribution  for  each  tracer  plume.  Tracer  time-series  data  are 
available  for  selected  points  aligned  along  two  lateral  rows  (fences)  within  the  sampling 
network.  In  addition  to  the  tracer  data,  piezometric  head  measurements  recorded  during  the 
study  and  hydraulic  conductivity  data  derived  from  borehole  flowmeter  testing  conduct^ 
prior  to  the  tracer  test  are  presented.  The  complete  database  is  provided  on  three  diskettes 
which  accompany  the  report. 
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SUMMARY 


The  goal  of  the  MADE-2  project  was  to  develop  a  field  database  for  validating 
geohydrochemical  models  used  to  predict  the  transport  and  fate  of  groundwater  contaminants. 
A  large-scale  natural-gradient  tracer  experiment  was  conducted  to  acquire  detailed  data  on  the 
transport  of  tritiated  water  and  four  dissolved  organic  compounds  (benzene,  naphthalene, 
labelled  p-xylene,  and  o-dichlorobenzene)  of  interest  to  the  utility  industry  and  the  military. 
The  study  was  conducted  at  Columbus  Air  Force  Base  (Mississippi)  between  June  1990  and 
September  1991. 

The  experiment  was  performed  in  a  shallow  alluvial  aquifer  characterized  by  a  high  degree 
of  heterogeneity.  Following  a  two-day  pulse  injection  of  9.7  m^  of  tracer  solution  into  the 
saturated  zone  of  the  aquifer,  the  spatial  concentration  distributions  of  the  tracers  were 
monitored  at  one-  to  three-month  intervals  using  an  array  of  over  300  multilevel  samplers. 

A  total  of  five  spatial  samplings  or  snapshots  of  the  tracer  plumes  were  performed.  Selected 
points  aligned  along  two  rows  or  fences  within  the  sampling  network  were  sampled  more 
frequently  to  develop  complete  tracer  time-series  data.  Radiotracers  were  analyzed  by  liquid 
scintillation  counting,  while  gas  chromotography  with  flame  ionization  detection  was  used  to 
quantify  the  organic  tracers.  Tracer  concentration  data  from  the  natural-gradient  experiment 
are  presented  in  digital  form  on  Diskette  A. 

The  hydraulic  head  field  at  the  experimental  site  was  monitored  with  a  network  of  48 
piezometers.  Sixteen  of  these  piezometers  were  equipped  with  continuous  groundwater  level 
recorders.  The  remainder  were  monitored  at  monthly  intervals  during  the  study.  Diskette  B 
contains  the  hydraulic  head  data  recorded  during  the  study  period. 

Aquifer  characterization  under  MADE-2  was  limited  to  a  series  of  hydraulic  conductivity 
measurements  in  the  near-field  region  of  the  experimental  site.  Hydraulic  conductivity 
profiles  at  1 1  fully-penetrating  piezometers  were  derived  from  borehole  flowmeter  tests 
performed  in  April  1990.  These  data,  along  with  the  hydraulic  conductivity  measurements 
for  56  wells  previously  tested  under  MADE-1,  are  given  on  Diskette  C. 
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INTRODUCTION 


MADE-2  represents  the  second  large-scale  natural-gradient  tracer  experiment  conducted  at 
Columbus  Air  Force  Base  (Figure  1-1).  The  field  study  was  carried  out  between  June  1990 
and  September  1991,  and  was  jointly  sponsored  by  EPRI  and  the  U.S.  Air  Force.  Detailed 
field  observations  of  the  transport  of  tritiated  water  and  four  organic  compounds  (benzene, 
naphthalene,  ‘'‘C  labeled  p-xylene,  and  o-dichlorobenzene)  were  performed  during  the  15- 
month  experiment.  The  four  organic  compounds  selected  for  the  experiment  are  common 
constituents  of  various  fuels  and  solvents,  and  represent  an  important  class  of  groundwater 
contaminants  of  concern  to  the  utility  industry  and  the  military.  The  study  was  intended  to 
improve  understanding  of  the  dominant  physical,  chemical,  and  biological  processes  affecting 
transport  of  dissolved  contaminants,  and  lead  to  improved  methods  for  predicting  the 
transport  and  fate  of  groundwater  contaminants. 

The  experiment  was  initiated  with  a  two-day  pulse  injection  of  9.7  m^  of  tracer  solution  into 
the  shallow  alluvial  aquifer  at  the  test  site.  Three-dimensional  snapshots  of  the  tracer 
concentration  distributions  were  performed  at  one-  to  three-month  intervals  using  an 
extensive  multilevel  sampling  network.  In  addition,  selected  points  aligned  along  two  rows 
(or  "fences")  within  the  network  were  sampled  more  frequently  to  develop  tracer  data  for 
time-series  analysis.  Piezometric  head  measurements  were  recorded  during  the  experiment  at 
monitor  wells  in  the  test  site  vicinity  to  aid  in  the  interpretation  of  the  tracer  migration. 
Aquifer  characterization  associated  with  MADE-2  was  limited  to  hydraulic  conductivity 
testing  by  the  borehole  flowmeter  method  at  1 1  additional  sites. 

The  experimental  methods  used  in  acquiring  the  data  are  briefly  outlined  in  Section  2.  The 
tracer  injection  procedures,  analytical  methods,  piezometric  head  monitoring,  and  hydraulic 
conductivity  testing  are  discussed  in  this  section.  Section  3  describes  the  content  and 
organization  of  the  digital  experimental  database  which  accompanies  this  report.  The  three 
principal  components  of  the  database  include  the  tracer  concentration  data  (Diskette  A),  the 
piezometric  head  measurements  recorded  during  the  experiment  (Diskette  B),  and  the  aquifer 
hydraulic  conductivity  data  obtained  from  borehole  flowmeter  tests  (Diskette  C).  The 
hydraulic  conductivity  database  includes  measurements  for  56  test  wells  report^  in  the 
MADE-1  database  along  with  data  for  11  new  sites  tested  as  part  of  MADE-2. 
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Figure  1-1.  Site  Location  Map 


Introduction 


The  following  is  a  chronological  listing  of  EPRI  publications  related  to  the  MADE-1  and 
MADE-2  field  studies: 

*  Macrodispersion  Experiment  (MADE):  Design  of  a  Field  Experiment  to  Investigate 
Transport  Processes  in  a  Saturated  Groundwater  Zone,  EPRI  EA-4082,  June  1985. 

*  A  Review  of  Field-Scale  Physical  Solute  Transport  Processes  in  Saturated  and 
Unsaturated  Porous  Media,  EPRI  EA-4190,  August  1985. 

*  Evaluation  of  Tracer  Sampling  Devices  for  the  Macrodispersion  Experiment,  EPRI 

EA-5816,  May  1988. 

*  Estimates  of  Macrodispersivity  Based  on  Analyses  of  Hydraulic  Conductivity 

Variability  at  the  MADE  Site,  EPRI  EN-6405,  July  1989. 

*  Measuring  Hydraulic  Conductivity  With  the  Borehole  Flowmeter,  EPRI  EN-6511, 

September  1989. 

*  Hydrogeologic  Characterization  of  the  MADE  Site,  EPRI  EN-6915,  July  1990. 

Database  for  the  First  Macrodispersion  Experiment  (MADE-1),  EPRI  EN-7363,  June 
1991. 

*  Transport  of  Tritium  and  Four  Organic  Compounds  During  a  Natural-Gradient 
Tracer  Experiment  (MADE-2),  EPRI  [in  TR-102072],  1992. 
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EXPERIMENTAL  METHODS 


Tracers 

The  tracers  selected  for  the  natural-gradient  experiment  are  listed  in  Table  2-1  along  with 
their  initial  concentrations  and  total  injected  masses  (activities).  Tritiated  water  served  as  the 
conservative  reference  tracer  for  the  experiment.  The  four  organic  compounds  chosen  for 
the  study  include  benzene,  naphthalene,  p-xylene,  and  o-dichlorobenzene  (o-DCB).  They 
vary  in  terms  of  their  mobility  in  aquifers  and  in  their  susceptibility  to  biotransformation. 

The  p-xylene  was  labeled  with  ‘'‘C  in  order  to  discern  transformation  of  the  p-xylene  should 
it  occur  during  the  experiment. 


Table  2-1 

Initial  Tracer  Concentrations  and  Masses  (Activities) 


Tracer 

Mean 

Aqueous 

Concentration 

Mass  Injected 

tritium 

55,610  pCi/mL 

0.5387  Ci 

‘‘‘C  (p-xylene) 

2770  pCi/mL 

0.0268  Ci 

benzene 

68.1  mg/L 

659.7  g 

p-xylene 

51.5  mg/L 

402.0  g 

naphthalene 

7.23  mg/L 

70.0  g 

o-dichlorobenzene 

32.8  mg/L 

317.7  g 

Injection  Procedure 

The  method  of  tracer  injection  was  similar  to  that  used  in  the  earlier  MADE-1  bromide 
experiment  [Boggs,  1991].  The  tracer  solution  was  injected  through  five  wells  spaced  one 
meter  apart  in  a  linear  array  (see  map  inset.  Figure  2-1).  Each  injection  well  was  screened 
over  a  0.6-  interval  between  elevations  57.5  and  58.1  m.  Injection  was  conducted  over  a 
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Figure  2-1.  Map  Showing  Tracer  Sampling  Well  Network  and  Piezometers 


Experimental  Methods 


period  of  48.5  hrs  at  a  uniform  rate  of  3.3  L/min  beginning  June  26,  1990.  The  total 
volume  of  solution  injected  was  approximately  9.7  m^  The  maximum  increase  in  hydraulic 
head  in  the  injection  wells  was  0.45  m. 

The  tracer  solution  was  prepared  and  stored  on-site  during  injection.  Ambient  groundwater 
from  a  well  located  approximately  75-m  upgradient  from  the  injection  point  was  used  to 
prepare  the  solution.  The  tritium  and  pure-phase  organic  compounds  were  mixed  and  stored 
in  two  2.7  m^  thermally-insulated  tanks  equipped  with  floating  lids  and  a  motor-driven 
impeller  mixer.  Note  that  the  organic  tracers  were  introduced  into  the  aquifer  in  the  aqueous 
phase  and  not  as  pure  product.  Samples  of  the  tracer  solution  were  collected  at  one-  to  two- 
hour  intervals  from  the  tubes  leading  to  the  injection  wells.  The  injected  mass  (activity)  for 
each  tracer  was  estimated  by  volume-weighting  of  the  tracer  concentration  measurements  for 
the  samples  taken  during  injection. 

Tracer  Monitoring 

Figure  2-1  shows  the  array  of  328  multilevel  samplers  (MLS)  used  to  monitor  the  tracer 
plumes  in  three  dimensions  during  the  experiment.  Each  MLS  was  equipped  with  20  to  30 
sampling  points  spaced  0.38  m  apart  in  the  vertical  dimension.  Groundwater  samples  from 
each  MLS  were  simultaneously  collected  using  a  mobile  sampling  cart  equipped  with  three, 
ten-channel  peristaltic  pumps.  Sampling  protocols  required  purging  of  120  mL  (approxi¬ 
mately  four  sample  tube  volumes)  of  groundwater  prior  to  collection  of  a  20-mL  sample  in  a 
glass  vial  with  a  Teflon-lined  septa  cap.  Two  drops  of  ten-percent  sodium  azide  solution  (a 
bacteriostat)  were  added  to  each  sample  before  sealing.  Samples  were  refrigerated  at 
approximately  4°C  in  an  inverted  position  (i.e.,  capped-end  down)  until  analyzed. 

Five  three-dimensional  sampling  events  or  "snapshots"  of  the  tracer  plumes  were  performed 
at  approximately  100-day  intervals  during  the  study.  General  information  related  to  these 
sampling  events  is  given  in  Table  2-2.  Note  that  the  fifth  snapshot,  conducted  at  440  days, 
was  designed  to  bound  only  the  organic  plumes  which  were  limited  to  the  near-field  region 
of  the  test  site.  The  more  extensive  tritium  and  ’'‘C  plumes  were  not  completely  sampled 
during  this  event. 
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Table  2-2 

Tracer  Sampling  Summary 


Event 

Date 

Elapsed 

Time  (days) 

No.  Wells 
Sampled 

Samples 

Analyzed 

FOl 

Jul  9-11,  1990 

13 

26 

264 

S21 

Jul  23-27,  1990 

27 

99 

1226 

F02 

Aug  13-17,  1990 

48 

31 

287 

F03 

Sep  17-19,  1990 

83 

53 

185 

F04 

Oct  5-17,  1990 

111 

39 

72 

S22 

Nov  5-8,  1990 

132 

111 

871 

F05 

Dec  3-4,  1990 

160 

29 

195 

F06 

Jan  8-9,  1991 

195 

25 

196 

S23 

Feb  5-7,  1991 

224 

190 

1976 

F07 

Apr  3-5,  1991 

281 

42 

387 

S24 

May  21-23,  1991 

328 

205 

2345 

S25 

Sep  9-11,  1991 

440 

79 

460 

In  addition  to  the  MLS  network,  56  positive-displacement  samplers  were  installed  in  the  near 
field  along  two  parallel  lines  or  "fences"  oriented  normal  to  the  general  flow  direction  (see 
map  inset,  Figure  2-1).  Rows  were  spaced  approximately  10  m  apart,  and  were  located  at 
distances  of  approximately  6  m  and  16  m  from  the  tracer  injection  point.  These  samplers 
were  intended  to  provide  reliable  concentration  time-series  data  for  the  volatile  organic 
tracers.  As  indicated  in  Table  2-2,  the  frequency  of  fence  sampling  varied  from  two-week 
intervals  initially  to  three-month  intervals  later  in  the  study. 

Analytical  Methods 

The  organic  tracers  present  in  the  20-mL  groundwater  samples  were  extracted  prior  to 
analysis  in  5  mL  of  n-pentane.  The  resulting  extract  was  analyzed  for  benzene,  naphthalene, 
p-xylene,  and  o-DCB  by  gas  chromatography  (GC)  using  a  flame  ionization  detector  (FID) 
system.  All  samples  were  extracted  and  analyzed  within  21  days  of  collection. 

The  sensitivity  of  the  GC/FID  method  was  4  /xg/L  for  naphthalene,  p-xylene,  and  o-DCB. 

A  sensitivity  of  12  /xg/L  was  initially  established  for  benzene  analyses,  and  was  applied  to 
the  data  for  the  first  snapshot  (SNAP1.DAT,  Diskette  A)  and  the  first  two  fence  sampling 
events  (FENCE1.DAT  and  FENCE2.DAT,  Diskette  A).  However,  subsequent  evaluation  of 
the  analytical  procedures  indicated  that  50  /tg/L  was  a  more  appropriate  benzene  sensitivity. 
A  detection  limit  of  50  /xg/L  was  applied  to  all  subsequent  benzene  analyses.  Benzene 
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measurements  below  50  /tg/L  reported  in  the  early  snapshot  and  fence  data  sets  are  consid¬ 
ered  highly  uncertain.  It  is  recommended  that  the  higher  sensitivity  of  50  j«g/L  be  consis¬ 
tently  applied  in  any  interpretational  studies  of  benzene  transport  which  involve  these  early 
data  sets. 

Tritium  and  present  in  field  samples  were  measured  with  a  liquid  scintillation  analyzer  in 
dual  isotope  mode.  Five  milliliters  of  each  sample  were  emulsifi^  in  15  mL  of  counting 
cocktail,  and  held  in  darkness  for  at  least  one  hour  prior  to  counting.  Samples  were  counted 
for  20  minutes  or  to  a  one-percent  error  at  the  95  percent  probability  level,  whichever  was 
attained  first.  Background  levels  of  tritium  and  ‘“C  in  ambient  groundwater  at  the  test  site 
dictated  the  analytical  sensitivity  for  the  experimental  measurements,  and  were  approximately 
2  and  3  pCi/mL,  respectively. 

The  analytical  quality  control  methods  and  results  for  the  radiological  and  non-radiological 
tracers  are  presented  in  Boggs  et  al.  [1992]. 

Piezometric  Measurements 

Monitoring  of  the  hydraulic  head  field  in  the  aquifer  at  the  test  site  was  conducted  prior  to 
and  during  the  field  tracer  experiment  using  the  piezometer  network  shown  on  Figure  2-1. 
Piezometers  were  constructed  of  either  5.1-cm  or  10.2-cm  diameter  PVC  pipe  with  either 
0.6-m  or  1.2-m  slotted  well  screens  at  the  lower  end.  Piezometers  with  a  suffix  letter  of  A 
or  B  represent  multistaged  piezometers.  The  type  "A"  piezometers  were  screened  at  an 
average  elevation  of  61.1  m,  while  the  type  "B"  piezometers  were  screened  at  an  average 
elevation  of  56.3  m.  Construction  specifications  for  all  piezometers  are  given  in  Appendix  C 
of  Boggs  et  al.  [1990]. 

Water  levels  in  the  piezometers  were  manually  measured  with  an  electric  probe  on  a  monthly 
basis  during  the  period  June  1990  through  September  1991.  In  addition,  eight  pairs  of 
staged  piezometers  (P8AB,  P27AB,  P44AB,  P53AB,  P54AB,  P55AB,  P60AB,  and  P61AB) 
were  equipped  with  continuous  water  level  recorders. 

Hydraulic  Conductivity  Measurements 

The  MADE-1  borehole  flowmeter  hydraulic  conductivity  database  [Boggs,  1991]  has  been 
updated  to  include  data  for  11  new  test  wells.  Test  wells  were  installed  at  selected  BarCad 
sampler  sites  as  shown  in  the  map  inset  on  Figure  2-1.  Borehole  flowmeter  testing  was 
performed  in  April  1991  using  the  methods  described  in  Rehfeldt  et  al.  [1989].  These 
additional  hydraulic  conductivity  data  were  primarily  intended  for  calculating  flow-weighting 
factors  for  BarCad  tracer  concentration  measurements  [Boggs  et  al.,  1992]. 
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The  structure  of  the  database  for  MADE-2  is  briefly  described  in  this  section.  In  general, 
data  are  organized  under  three  categories:  (1)  concentration  measurements  for  benzene, 
naphthalene,  p-xylene,  o-dichlorobenzene,  tritium,  and  *''C;  (2)  piezometric  head  measure¬ 
ments  recorded  during  the  experiment;  and  (3)  hydraulic  conductivity  data  obtained  from 
borehole  flowmeter  testing.  Additional  information  concerning  the  organization  and  format 
of  these  data  can  be  found  in  the  READ. ME  files  contained  on  the  accompanying  database 
diskettes. 

Spatial  Coordinate  System 

One  notable  difference  between  the  MADE-1  and  MADE-2  databases  is  the  reference 
coordinate  system  used  for  each.  The  MADE-2  spatial  measurements  are  transformed  into  a 
reference  coordinate  system  in  which  the  origin  lies  at  the  center  injection  well  and  the  y 
axis  is  approximately  aligned  with  the  mean  tracer  plume  trajectory.  This  transformation 
simplifies  the  analysis  and  interpretation  of  the  tracer  data.  On  the  other  hand,  data  for 
MADE-1  are  presented  in  a  reference  system  in  which  the  injection  point  is  located  at 
coordinates  [85.2  m,  188.4  m]  and  the  plume  trajectory  lies  at  an  angle  of  approximately  26 
degrees  clockwise  from  the  y  axis.  The  MADE-2  data  can  be  transformed  into  the  MADE-1 
coordinate  system  (or  vice  versa)  using  the  following  transformation  formulae  and  parame¬ 
ters: 


X  =  x’cos^  -  y’sin0  +  h  (3-1) 

y  =  y’cosd  -I-  x’sind  -I-  k  (3_2) 

x’=  (x-h)cos0  +  (y-k)sin0  (3-3) 

y’  =  (y-k)cos0  -  (x-h)sin0  (3-4) 


where  x  and  y  designate  MADE-1  coordinates,  x’  and  y’  designate  MADE-2  coordinates, 
h=85.2  m,  k=188.4  m,  and  0=-25.68  degrees. 

Tracer  Concentration  Data 

The  tracer  concentration  measurements  are  contained  in  two  directories  on  diskette  A. 
directory  \SNAPSHOT  contains  the  three-dimensional  tracer  distribution  data  for  the  five 
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plume  snapshots.  A  separate  file  is  designated  for  each  snapshot  data  set.  An  example  of 
the  content  and  format  of  the  snapshot  data  files  is  presented  in  Table  3-1. 

Table  3-1 

Example  of  Tracer  Concentration  Data 


Benzene 

Naphthalene 

p-Xylene 

o-DCB 

Tritium 

Carbon-14 

X 

Y 

Z 

Sampling 

Days  Since 

Sample  ID 

(m8/L) 

(Mg/L) 

Oig/L) 

(Mg/L) 

(pCi/mL) 

(pCi/mL) 

(m) 

(m) 

(m) 

Date 

Injection 

S25B60A01 

<50, 

<4.0 

<4.0 

<4.0 

1. 

2.7 

-10.8 

11.0 

53.85 

09/09/91 

440 

S25B60A02 

<50. 

<4,0 

<4.0 

<4.0 

2. 

2.7 

-10.8 

11.0 

58.44 

09/09/91 

440 

S25B60B01 

<50. 

<4.0 

<4.0 

<4.0 

2. 

3.1 

-8.7 

10.3 

56.24 

09/09/91 

440 

S25B61A01 

<50. 

<4.0 

<4.0 

<4.0 

2. 

2.7 

-6.0 

9.3 

58.11 

09/09/91 

440 

S25B61A02 

<50. 

<4.0 

<4.0 

<4.0 

8. 

3.0 

-6.0 

9.3 

53.70 

09/09/91 

440 

S25B61B01 

<50. 

<4.0 

<4.0 

<4.0 

180. 

7.1 

-4.0 

8.7 

55.15 

09/09/91 

440 

S25B61B02 

<50. 

<4.0 

<4,0 

<4.0 

9. 

3.2 

-4.0 

8.7 

60.03 

09/09/91 

440 

S25B62A01 

<50. 

<4.0 

<4.0 

<4.0 

14. 

3.4 

-.7 

7.2 

55.11 

09/09/91 

440 

S25B62A02 

1400. 

210.0 

330.0 

1600.0 

2760. 

99.4 

-.7 

7.2 

59.71 

09/09/91 

440 

S25B62B01 

<50. 

<4.0 

<4.0 

<4.0 

130. 

7.1 

-2.4 

7.9 

56.66 

09/09/91 

440 

S25B63A01 

<50. 

<4.0 

<4.0 

<4.0 

2. 

3.0 

2.6 

6.1 

53.84 

09/09/91 

440 

S25B63A02 

-999. 

-999.0 

-999.0 

-999.0 

87, 

7.8 

2.6 

6.1 

57.02 

09/09/91 

440 

S25B63B01 

-999, 

-999.0 

-999.0 

-999.0 

546. 

23.4 

1.1 

6.8 

55.46 

09/09/91 

440 

S25B63B02 

-999. 

-999.0 

-999.0 

-999.0 

1582. 

21.9 

1.1 

6.8 

60.04 

09/09/91 

440 

S25B64A01 

53. 

<4.0 

<4.0 

8.0 

13. 

3.3 

5.5 

5.0 

55.08 

09/09/91 

440 

S25B64A02 

52. 

<4.0 

<4.0 

17.0 

21. 

3.7 

5.5 

5.0 

59.66 

09/09/91 

440 

S25B64B01 

52. 

<4.0 

<4.0 

<4.0 

8. 

3.0 

4.1 

5.6 

56.56 

09/09/91 

440 

S25B65A01 

<50. 

<4.0 

<4.0 

<4.0 

2. 

3.1 

11.2 

3.0 

53.79 

09/09/91 

440 

Tracer  time-series  data  associated  with  the  fence  samplers  (BarCad  samplers  and  selected 
MLS)  are  found  in  directory  \FENCE.  A  separate  file  is  designated  for  each  fence  data  set. 
The  format  of  the  time-series  data  is  identical  to  that  of  the  snapshot  data  (Table  3-1). 


Piezometric  Data 


Piezometric  head  measurements  recorded  during  the  natural-gradient  tracer  experiment  are 
provided  on  diskette  B.  Manual  piezometric  measurements  performed  approximately 
monthly  during  MADE-2  are  given  in  directory  \MONTHLY  of  diskette  B.  One  file  is 
provided  for  each  measurement  date.  Table  3-2  gives  an  example  of  the  monthly  piezomet¬ 
ric  data. 
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I 


Table  3-2 

Example  of  Monthly  Piezometric  Head  Data 


X 

y 

Well 

(m) 

(m) 

P-3 

-86.10 

2.56 

P-40 

-11.41 

83.28 

P-41 

1.62 

56.17 

P-45 

-30.84 

10.38 

P-52 

-85.85 

190.51 

P-8A 

95.13 

123.75 

P-8B 

95.13 

123.74 

P-lOA 

103.20 

5.73 

P-lOB 

101.69 

6.15 

P-22A 

-19.40 

-50.16 

P-22B 

-20.20 

-49.01 

P-24A 

22.61 

6.42 

P-24B 

20.84 

6.80 

P-25A 

-23.30 

66.57 

P-25B 

-24.76 

66.37 

P-25C 

-24.03 

66.48 

Water 


Elapsed 

Level 

Time 

Elevation 

Date 

(days) 

(m) 

04/04/91 

280 

63.68 

04/04/91 

280 

63.43 

04/04/91 

280 

63.41 

04/04/91 

280 

63.66 

04/04/91 

280 

63.02 

04/04/91 

280 

63.51 

04/04/91 

280 

63.44 

04/04/91 

280 

65.10 

04/04/91 

280 

63.80 

04/04/91 

280 

64.36 

04/04/91 

280 

63.98 

04/04/91 

280 

63.61 

04/04/91 

280 

63.66 

04/04/91 

280 

63.45 

04/04/91 

280 

63.44 

04/04/91 

280 

63.29 

Directory  \RECORDER  of  diskette  B  contains  continuously  recorded  piezometric  data  for  16 
piezometers.  The  data  for  each  piezometer  is  given  in  a  separate  file.  An  example  of  the 
continuous  piezometric  data  is  presented  in  Table  3-3. 


3-3 


Database  Description 


Table  3-3 

Example  of  Continuous  Piezometric  Head  Data 


Water 


Elapsed 

Level 

X 

y 

Time 

Julian 

Elevation 

Well 

(m) 

(m) 

(days) 

Yr 

Day 

(m) 

P-53a 

-4.9 

-10.3 

-7.00 

90 

170 

62.44 

P-53a 

-4.9 

-10.3 

-6.00 

90 

171 

62.42 

P-53a 

-4.9 

-10.3 

-5.00 

90 

172 

62.40 

P-53a 

-4.9 

-10.3 

-4.00 

90 

173 

62.39 

P-53a 

-4.9 

-10.3 

-3.00 

90 

174 

62.36 

P-53a 

-4.9 

-10.3 

-2.00 

90 

175 

62.33 

P-53a 

-4.9 

-10.3 

-1.00 

90 

176 

62.31 

P-53a 

-4.9 

-10.3 

.00 

90 

177 

62.30 

P-53a 

-4.9 

-10.3 

1.00 

90 

178 

62.29 

P-53a 

-4.9 

-10.3 

2.00 

90 

179 

62.26 

P-53a 

-4.9 

-10.3 

3.00 

90 

180 

62.24 

P-53a 

-4.9 

-10.3 

4.00 

90 

181 

62.22 

P-53a 

-4.9 

-10.3 

5.00 

90 

182 

62.21 

P-53a 

-4.9 

-10.3 

6.00 

90 

183 

62.20 

P-53a 

-4.9 

-10.3 

7.00 

90 

184 

62.17 

P-53a 

-4.9 

-10.3 

8.00 

90 

185 

62.15 

P-53a 

-4.9 

-10.3 

9.00 

90 

186 

62.14 

P-53a 

-4.9 

-10.3 

10.00 

90 

187 

62.12 

Hydraulic  Conductivity  Data 

Hydraulic  conductivity  data  for  the  67  wells  tested  by  the  borehole  flowmeter  method  are 
provided  on  diskette  C.  Data  for  each  test  well  is  given  in  a  separate  file  with  the  filename 
designated  by  well  number.  The  content  and  format  of  each  file  is  illustrated  in  Table  3-4. 
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Table  3-4 

Example  of  Hydraulic  Conductivity  Data 


FLOWMETER  WELL  K-37  HYDRAULIC  CONDUCTIVITY  -  DEPTH  PLOT  DATA 
WELL  COORDINATES:  X  =  -16.24  Y  =  104.51 

[A]  DEPTH  BELOW  GRADE  (M) 

[B]  DEPTH  BELOW  GRADE  (FT) 

[C]  ELEVATION  ABOVE  MEAN  SEA  LEVEL  (M) 

[D]  ELEVATION  ABOVE  MEAN  SEA  LEVEL  (FT) 

[E]  HYDRAULIC  CONDUCTIVITY  (CM/SEC) 

[F]  HEAD  IN  THE  AQUIFER  (FT  ABOVE  SEA  LEVEL) 


[A] 

[B] 

[C] 

[D] 

[E] 

[F] 

3.024 

9.920 

61.899 

203.080 

0.1471 

207.2 

3.176 

10.420 

61.746 

202.580 

0.1471 

207.2 

3.176 

10.420 

61.746 

202.580 

0.4009E-02 

207.2 

3.328 

10.920 

61.594 

202.080 

0.4009E-02 

207.2 

3.328 

10.920 

61.594 

202.080 

0.4013E-02 

207.2 

3.481 

11.420 

61.442 

201.580 

0.4013E-02 

207.2 

3.481 

11.420 

61.442 

201.580 

0.4017E-02 

207.2 

3.633 

11.920 

61.289 

201.080 

0.4017E-02 

207.2 

3.633 

11.920 

61.289 

201.080 

0.4151E-02 

207.2 

3.786 

12.420 

61.137 

200.580 

0.4151E-02 

207.2 

3.786 

12.420 

61.137 

200.580 

0.4155E-02 

207.2 

3.938 

12.920 

60.984 

200.080 

0.4155E-02 

207.2 

3.938 

12.920 

60.984 

200.080 

0.1954E-01 

207.2 

4.090 

13.420 

60.832 

199.580 

0.1954E-01 

207.2 
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